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ABSTRACT
An S-20 magnitude system is defined, and a relation between
it and B,V-photometry is established. A catalog of m (B-V),

and m;, for 323 stars is given.
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I. INTRODUCTION

Several institutions, including Lincoln Laboratory, are
currently involved in observational projects which utilize image
intensifier tubes for the detection and measurement of point
sources. A variety of instruments, such as vidicons and image
disectors, follows the intensifier tubes, but all share the
spectral sensitivity of the first photo-sensitive surface of the
intensifier, usually the multialkali type designated S-20.

Supplementary to the imaging system, it is desirable to have
a classical astronomical photometric system with a set of known
stars which serve as the system's intensity standards. Such a
system can aid in the calibration of the imaging system
measurements, correction for the effects of the earth's
atmosphere and evaluation of the effects of the sky background.
The simplest system for accomplishing this is one having the same
spectral sensitivity as the imaging system, in this case the
unfiltered S-20 response. This Report presents observations made
on such a system -- the 6"-photometer at the GEODSS ETS.

The purpose of this catalog is use by the ETS automatic
extinction package.* Additional uses include use as a reference

system for variable star observers or for comet watchers. The

automatic extinction package provides real-time measurement of

*J. M. Sorvari and C. E. Beane, "Automatic Real-Time Extinction
Measurement," Project Report ETS-17, Lincoln Laboratory, M.I.T.
(12 September 1977).




atmospheric extinction and night sky brightness; it requires a
sequence of reference stars distributed over the whole sky.

Since no advantage accrues from having regions of star
density much greater than the mean, and since such concentrations
do take additional computer resources, a significant fraction of
the candidate stars was rejected in order to smooth the
distribution. The somewhat higher density of stars near the
equator reflects the greater importance of extinction measurements
in this "synchronous band" of the sky. Limits on the magnitudes
included were chosen to provide sufficient accuracy, avoid the
need for changing the measuring range of the electronics and to
allow both star and sky measurements to be made with the same

field stop (~2').



II. THE m,, SYSTEM

Observations at the ETS were made with an uncooled EMI 9785B
photomultiplier tube, having an S-20 spectral response. The
response to starlight was measured as anode current using a Pacific
Photometric Industries Model 124 photometer. Magnitudes calculated
from these measurements are designated by the symbol mj,.

The standard stars for the m,, system are listed in Table I.
Observations of standard stars were made on nights of "photometric
quality" over a wide range of zenith distance. This allowed mean
corrections for atmospheric extinction to be applied to both
standards and unknowns. Although nights of genuinely high
photometric quality are very rare at the ETS, it was found
possible to satisfactorily reduce most night's data by making
two to three times the usual number of standard observations.

Each night's data was then brought to the standard system through
comparison of the standards. 1In each case a simple additive
constant (i.e., a zero-point drift) was found to be sufficient.
The mean error of a single observation was <0™03.

A total of 21 stars, in addition to the standards, with known
Johnson B and V magnitudes was observed. These stars had (B-V)
colors ranging from 0740 to 0M91. A linear least squares fit
between the systems yields the relation

Mo = m_ - .38 + .61 (B-V)

The value .38 is needed to fit the normalization at (B-V) = .62.



This was used instead of the usual astronomical normalization

at (B-V) = .00 for two reasons. First, no stars as blue as

(B-V) = .00 were observed, and second, because of the anticipated
use of the m;, system at ETS, it is convenient to have mV and mj g
approximately equal for nearly solar colored objects. The mean
deviation from the linear fit is 0703 and is apparently due

entirely to observational uncertainty in m,,, m, and (B-V).



STAR

HD 10307
20630
34411
65228
86728

111812
142373
157214
182835
193370

220657

TABLE I

STANDARD STARS FOR THE ETS M

BS 483
K Cet
A Aur
11 Pup
20 LMi
31 Com
X Her
72 Her
v Aqgql
35 Cyg

VU Peg

20

SYSTEM



III. THE ETS m,, CATALOG

Ordinarily a catalog of magnitudes would be built up through
observation of a large number of stars on several photometric
nights each. However, a great saving in observing time may be
realized at only a moderate cost in precision by applying the
results of Section II to stars with B,V-photometry. This has been
done to give the catalog of 323 stars listed in Table II.

In order that this list be most useful to the work at the
ETS, the stars have been limited primarily to the following ranges:
$ >—25°, .4 <(B-V)<.9, 3.5<m;4<6.0. An attempt has been made to
avoid star density varying strongly with right ascension. Of the
323 stars, 121 have &> + 100, thus the mean separation of these
stars is about 12°. For -20° <§ < + 10°, there are 175 stars for
a mean separation of 8°.

The first two columns of Table II give the stars numbers from
the General Catalog (GC) and Harvard Annals (HD). These are
followed by right ascension (RA), annual variation in RA,
declination (DEC), and annual variation in DEC, for 1978.0. Next
come the Johnson V-magnitude (mv), the color (B-V) and the S-20
magnitude (m;,). The last column contains a code with the
following meanings:

0 - Star not observed at ETS; m,, is constructed

from mV and (B-V) as in Sec. II

1l - Star observed 1-3 times; my, is mean of



observations and constructed magnitude
2 - Star observed >4 times; m,, is mean of
observations
3 - Standard star; m;, is standard value
The estimated precision in m;, ranges from better than 0M01 for
the standard stars to 0703 for the constructed magnitudes.
Many of the stars listed are components of binary systems.
In these cases the entire system is the intended object, and the

numbers listed are for the combined light.
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